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Introduction

Fast Fourier Transform (FFT) is commonly used in data analysis to remove noise
from signals. In this report, I shall discuss its application to the analysis of the ruby R-line

spectrum obtained under shock compression above the Hugoniot elastic limit (HEL).

Figure 1 (a) shows a typical R-line spectrum obtained during high velocity shock
impact. In comparison to an ambient spectrum (Fig. 2), one can clearly see broadening.
However, in addition the broadening the spectrum also shows structures. For example, a
number of distinct emission lines appear in the neighborhood of the two R-lines. Some of
them are relatively weak, on the order of several tens of counts [see Fig. 1 (a)], compatible

to the noise level.

Several techniques are available to remove noise. One approach would be to aver-
age the spectrum over a number of neighboring channels, so-called N-point convolution.
However, this technique is not applicable here because of the compatible signal and noise
levels. Careful examination of the R-line spectrum shows that there exists a distinct
difference between the optical signals and the noise. Here the noise is basically readout
noise, which has high frequencies, meaning it changes rapidly from channel to channel.
The signals however must have a line width greater than the resolution of our instruments,
which in our case, is determined by the width of the slit of our spectrometer. Therefore,
if we know the instrument resolution, we can determine a frequency, f;, beyond which
only noise exits. We can then apply FFT to convert the R-line spectrum into a power
spectrum and remove all components whose frequencies are higher than f.. By performing
an inverse FFT on the noise-removed power spectrum, a noise-free R-line spectrum can

be obtained. Unlike the N-point convolution, this technique preserves all optical signals



regardless of their amplitudes.

Fourier Transforms

For an arbitrary function f(z), there exits a function g(y), which is related to f(z)

through the following equations

f(z) = % /g(y)e_iz”dy,

g(y) = ]of(w)e"”dx.

(1)

(2)

Here, g(y) is known as Fourier transform of f(z), and vice versa. If f(z) is a discrete

function, i.e.,

c=z,=kA, k=0,1,..N-1

then Equations (1) and (2) become?
1 N-1 /
_ —2xikn/N
fk = N Zﬂ gn€ H

and
N-1

gn — A Z fkezﬁkn/N'
k=0

(4)

The R-line spectra obtained in our ruby emission experiments are discrete and each

of them has total 384 points, called channels, i.e., N = 384 — 1 with A =1 and z} = k.

Fourier transform of fi, or a R-line spectrum in our case, yields a function g, given by

Equation (4). By finding n. (or f discussed earlier) and performing an inverse Fourier

transform with gn>n, = 0, one obtains a new fi which does not have high frequency

> n.) components. This technique thus allows us to remove readout noise from our ruby
p q

R-line spectra.



Determination of n.

Several methods can be used to determine n.. Here I report one of them, which is
currently employed to analyze our ruby emission spectra. First, a spectrum of the He-Ne
laser line was taken using our ruby recording system with the slit of the spectrometer
being nearly closed [see Fig. 3(a)]. The width of the He-Ne line obtained under this
condition provides information on the intrinsic resolution of the recording system: any
lines narrower than this line width are considered to be noise. The spectrum was then
Fourier transformed [see Fig. 3(b)]. A value for n. was chosen and gn>n. was set to zero.
The modified power spectrum was then transformed back [see Fig. 4(a)] and compared to
the original spectrum [see Fig. 4(b)]. This process was repeated until the smallest nc was
found that did not result in any distortion of the laser line shape upon the transforms.
The programs used to perform FFT are enclosed in this report, which were written in
Fortran language. The value of n. for our CCD-based recording system was found to be
60.

Once n. is found, one can apply this FFT technique to the ruby R-line data and obtain
noise-removed R-line spectra. An example is shown in Fig 1 (b), which was obtained from
Fig. 1 (a) using the method described above with n. = 60. A similar example is shown
in Fig. 4. Here the spectra were taken from a z-cut ruby in a 205 kbar shot at 178 K
and the high frequency noise have been removed. These spectra clearly show multiple
sets of R-lines, indicating a stress distribution was introduced during the stress relaxation
upon high velocity impact. This information is quite important in understanding our high

velocity ruby emission spectra.
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